. There were 437 cases of fatal maltreatment of children aged 0-17 years during this period, including 14 involving multiple-birth children. A keyword search was performed to create a full profile for each multiple-birth case. The 14 multiple-birth victims were twins from 13 families. No significant difference between twins and singletons with fatal maltreatment was observed for most characteristics. However, in the case of twins, 0-month victims were rare, and the number of children per family was larger. One twin died from shaken baby syndrome. The victim's siblings were also maltreated in six out of 12 relevant cases, including all six co-twins. Premature birth, having a disabled co-twin, delay of growth or development, and parental disfavor tended to be factors of maltreatment when only one twin was maltreated. Four families were given suspended sentences in total, including three mothers who acted as solitary murderers (43% = 3/7). In conclusion, recent Japanese nationwide data suggests that the non-specific overburden of child rearing might be one possible reason for higher frequency of child maltreatment for multiples compared with singletons, and parental comparisons between two twins might be another. The penal sentences for fatal child maltreatment might be more lenient for perpetrators of this crime against twins than against singletons.
Multiple births were recognized as a risk factor for child maltreatment in several studies in the 1980s Nelson & Martin, 1985; Robarge et al., 1982; Tanimura et al., 1990) . Although being outdated, these earlier studies were not necessarily population-based. It is of little doubt that the current situations surrounding families, for example, family planning, including assisted reproductive technology, child rearing, and maternal/paternal age are quite different today.
In a previous paper by this author (Ooki, 2013) , the impact of multiple births in cases of fatal child maltreatment (child deaths by maltreatment) using nationwide data in Japan was estimated. The relative risk (RR) of multiple births per individual was around 2.0-3.0, and the RR of multiple births per family unit was around 4.0-5.0. It was found that families with multiple births had elevated risk for fatal child maltreatment both per individual and per family unit. The purpose of the present study was to further clarify the characteristics of fatal child maltreatment of families with multiple births.
Methods
National annual reports on fatal child maltreatment (first to eighth report) published from 2005 to 2012 by the Ministry of Health, Labor and Welfare of Japan (in Japanese) were used as the initial source of information for the present data analyses. All cases of fatal maltreatment of children from 0 to 17 years of age between July 2003 and March 2011 were analyzed. The annual reports tally the cases of fatal child maltreatment (per individual or family unit) according to whether or not the child's death was accompanied by parent's suicide. Cases of child murder followed by parental suicide were excluded from the present analysis, as the background and risk factors may be different from those in cases of fatal child maltreatment without suicide.
The number of multiple-birth cases according to calendar year of incidence was the only available information regarding multiples in the national annual reports. The present author performed an exhaustive information search regarding multiple-birth cases using keyword searches in an Internet search engine to create a full profile for each case. For reliable data sources, entire texts of several newspaper stories were reviewed for each fatal maltreatment case and the following information was gathered: (1) victim's sex/age, (2) perpetrator's age, (3) relationship between child and perpetrator, (4) family information, (5) situation of maltreatment and cause of death, (6) maltreatment of other children, (7) background and risk factors, and (8) sentence.
Multiples and singletons were compared using 2 test or Fisher's exact probability test, with a threshold significance level of 0.05. Multiples were also analyzed as pairs. The percentage and estimated population rate were calculated according to sex-combination and parity. The pairwise concordance rate of maltreatment, including survival cases, was also calculated.
Results
There were 437 reported cases of fatal child maltreatment between July 2003 and March 2011. Among these were 14 multiple-birth victims. All 14 multiples were identified through an intensive Internet search. They were all twins, and originated from 13 families. Table 1 shows detailed information of cases. Of these, seven victims were females, and eight victims were 0-year old. The mean number of children in one family was 3.2 (=42/13). All except one perpetrator (an uncle of twins) was biological father or mother of the twin. The perpetrators were mothers only (solitary murderer) in seven cases, fathers only in two cases, and both parents in three cases. Four mothers had experienced teenage childbirth of twins. Four or five mothers had experienced divorce in their life course. Four fathers out of 10 did not have a regular occupation. The method of maltreatment was physical maltreatment in 10 cases and neglect in five cases (multiple answers allowed). One case (ID-14) was obviously a case of shaken baby syndrome (SBS).
Premature birth (ID-10), having a disabled co-twin (ID-2), delay of physical growth (ID-10) or language development (ID-9), and parental disfavor (ID-8) tended to be associated factors in maltreatment in cases when only one twin was maltreated. On the other hand, family dysfunction, namely lack of ability to make a living, including no regular occupation of father (ID-1, ID-4, ID-6, ID-12, 13), lack of ability of child rearing of mother/father (ID-7), and unexpected childbirth (ID-6) were observed when both twins were maltreated.
The sentence for the perpetrator was identified for 12 families. Four families were given suspended sentences, representing 33% (=4/12) of all families and 43% (=3/7) of the cases with the mother as solitary murderer.
The results of statistical tests and estimations are shown in Table 2 . No significant difference between twins and singletons with fatal maltreatment was observed for most of the items. However, no 0-month victim was observed among twin victims (p < .01), which produced statistical significance. Also, the number of children per family was larger in families with twins (p < .01). No specific feature was observed regarding psychological problems of mothers.
Multiples were analyzed as pairs. The proportion of female victims of opposite-sex pairs was 0.36% (95% CI = 0.16-0.61), and the proportion of male victims of same-sex pairs was 0.43% (95% CI = 0.21-0.67). Other siblings of victims in 12 pairs were also maltreated in six cases, including all co-twins of the six index twin victims. Thus, the pair-wise concordance rate of child maltreatment where index twins were fatal was 0.50 (=6/12, 95% CI = 0.25-0.75).
Discussion
There have been very few studies on maltreatment in cases of multiple births despite the general recognition that multiple births increase the risk of child maltreatment. The first large study that treated the relationship between families with multiples (twins) and child maltreatment was that of Robarge et al. (1982) and their expanded study . In an intensive literature search, the author could find no systematic study of fatal child maltreatment of multiple-birth children before these two studies.
Risk Factor of Maltreatment as Individual Multiples or Families with Multiples
Most of the child and parental factors related to fatal maltreatment did not differ between cases with twin and singleton victims. The only two differences that emerged were that 0-month victims were rare, and the number of children per family was larger in multiple-birth cases than singleton cases. The mean number of children per family was significantly larger for the multiple-child subset compared to total reported child fatal maltreatment cases (Table 2) or the Japanese general population (mean number is 1.3 according to recent vital statistics). In the case of families with multiples, parent(s) must rear at least two children of the same age at the same time. It was pointed out decades ago that close spacing of children might be a significant risk factor for subsequent child maltreatment . The annual reports by the Ministry of Health, Labor and Welfare of Japan also pointed out that having more than one child, including multiples, is one of the risk factors for child maltreatment, although no evidence has been shown by the Ministry. The present results and the higher Uncle, aunt, three cousins, male-male twin pair.
--Physical maltreatment (acute cerebral herniation due to subdural hematoma).
Unknown (including co-twin).
Non-biological child of perpetrator, many children.
Penal servitude 4 years.
M 1 m
Biological father (24). Father, mother (26), first-born daughter (2), male-male twin pair.
No Unknown Physical maltreatment (skull fracture and acute subdural hematoma).
Yes (co-twin had internal hemorrhage from head).
Low ability of child rearing. Penal servitude 5 years and 6 months.
F 1 y 11 m Biological mother (43).
Mother, opposite-sex twin pair. Yes (for co-twin from 4 months after birth).
Unexpected twins, teenage pregnancy, low ability to make living.
Penal servitude: father 12 years, mother 8 years.
7 M 2 y Biological mother (29).
Mother, first-born son (6 y), opposite-sex twin pair.
Yes No Neglect (under-nutrition, collapse, three children were left behind for 10 days).
Yes (co-twin was emaciated, non-twin elder brother was also neglected, but had no health problems).
Divorce of perpetrator's parents, domestic violence of perpetrator's father (PTSD), divorce of perpetrator, low ability of child rearing, transfer of common-law husband not accompanied by family.
Penal servitude 6 years. Penal servitude 3 years, suspended jail term (4 years).
TWIN RESEARCH AND HUMAN GENETICS
Note: ID number was assigned per child according to national reports. M = Male; F = Female; y = year; m = month; PTSD = post-traumatic stress disorder. prevalence of fatal child maltreatment observed in the same dataset (Ooki, 2013 ) support this point.
In the case of ID-14, the mother, aged 36 years, was primipara and had used assisted reproductive technology and fetal reduction. Recently, assisted reproductive technology has become one of the typical contexts of families with multiples in Japan . Given this fact, candidates for assisted reproductive technology should receive pre-treatment counseling informing them of the frequency of multiple births and to help them assess their readiness for multiple-birth child rearing.
It was suggested that in the case of families with multiples, the physical, mental, and social overburden of child rearing (Bryan et al., 1997; Denton, 2005) in general rather than factors specific to multiples might be one of the risk factors for child maltreatment.
Risk Factor of Maltreatment as a Twin Pair
Previous hospital-based (as opposed to population-based) studies have found that in twin pairs, both twins tend to be maltreated on one level or another (mild, moderate, and severe). Both twins in three out of five pairs and in six out of 10 pairs (Nelson & Martin, 1985) were found to be maltreated. This tendency, however, was not specific to multiples, as about half of the siblings of index singletons were also maltreated, as shown in Table 2 . According to a recent epidemiologic study by Lindberg et al. (2012) , which examined physically abused children with serious injuries, twins were at substantially increased risk of abusive fracture in comparison to non-twin victims, although this study did not present information on the pair-wise concordance/discordance of twins.
On the other hand, according to Tanimura et al. (1990) , only four pairs of both twins out of 21 pairs (19%) were maltreated, indicating that one rather than both of a pair of twins was more likely to be maltreated in Japan. The present results did not support this indication. The difference of present study and that by Tanimura et al. (1990) was that the present study included at least one fatal case in all 13 pairs. Tanimura et al. (1990) also reported that whether one or both twins were maltreated was influenced by different underlying factors. Maltreatment of both twins occurred when the maltreating parent had psychosocial problems or when the family was beset by serious socioeconomic difficulties. If only one twin in a pair was maltreated, i.e., only one member, he/she, was maltreated, then there seemed to have problems relating to child rearing. The present result was in good accordance with this finding.
One specific feature related to the rearing of twins is the comparison of growth and development of two children of the same age in the same family. This comparison sometimes imparts complicated stress, anxiety, irritation, and a sense of guilt to parents, especially to the mother (Bryan et al., 1997; Denton, 2005) . In these cases, the delayed child tends to be the one who is maltreated. On the other hand, in the case of ID-2, the normal twin with a disabled co-twin was maltreated because the victim could not live up to the mother's (over)expectations. Thus, in such cases the mental condition of the mother was a complicating factor.
There have been no vital statistics showing the precise percentage of opposite-sex pairs among total twin pairs. It has been estimated that about one-third of all twin pairs in Japan are opposite-sex pairs, as two-thirds of all pairs are estimated to be dizygotic . The present rate of female victims of opposite-sex pairs (0.36, 95% CI = 0.16-0.61) and male victims of the same-sex pairs (0.43, 95% CI = 0.21-0.67) seemed high in relation to the approximate percentage of female twins of opposite-sex pairs or male twins of the same-sex pairs in the general twin population (both equal to 1/6 = 0.17); the reasons for these higher percentages are unclear.
Sentence for Fatal Maltreatment
According to a recent Japanese study by Nambu et al. (2011) , the sentences handed down by the court clearly tended to be more lenient for female offenders of fatal child maltreatment. They noted that the only case with a suspended sentence out of 24 cases of fatal child maltreatment from January 2008 to December 2009 was that of the mother of twins (ID-10 of the present study). This may be due to the popular belief that men are partly responsible for any misconduct committed by their wives (Nambu et al., 2011) . The present result suggested that this tendency might be especially noticeable in the case of mothers as a solitary murderer of multiples, possibly due to the consideration of severe conditions faced by such mothers.
Case Reports
A few case reports are available that describe the methods used to abuse multiples (Dhanani et al., 2006) . Of these, SBS (Becker et al., 1998; Hansen, 1994; Talvik et al., 2008) , cervical spine injury (Rooks et al., 1998) , and Munchausen syndrome (Lee, 1979) have been reported. Becker et al. (1998) reported five twins severely affected by SBS among four pairs of twins. According to their discussion, twin status could influence the quality of some psychological aspects of victimizing parent(s); a related factor promoting the formation of a stressful situation and familial dysfunction was parents' social isolation, resulting from the increased demands of time and energy involved in caring of twins. More recently, Talvik et al. (2008) studied the relationship between SBS and a typical pattern of babies' crying behavior in two tertiary centers for children in Estonia. In their report, four children out of 26 cases of SBS in Estonia were twins (15.4%), a much higher percentage compared to the general twin frequency in the country (2.1%). They found that the time curve of crying (minutes crying per day according to age in weeks) was similar to the curve of the incidence of SBS cases (number of SBS children according to age in weeks), which both reached their peak at 6 or 7 weeks. They concluded that families with twins are at additional risk for SBS and that parental complaints of excessive crying of their infants should be taken as a signal that they need careful counseling. According to Rooks et al. (1998) , the likely mechanism of the cervical spine injury of their two cases of twins was a severe hyperflexion compression insult from violent shaking.
According to the computerized medical literature research by Becker et al. (1998) , two case reports (Showers, 1992; Spaide, 1987) on twins with SBS were found, but the authors attached no special value to the victims' status as multiples. Although these reports suggested that the prevalence of SBS in maltreated twins/multiples might be higher than that of singletons, no epidemiologic evidence was reported. In the present study, one fatality (1/14 = 7%) was caused by SBS. The sixth annual report, which represented all fatal maltreatment of children from 0 to 17 years of age between April 2008 and March 2009 in Japan, presented the total number of deaths from SBS. According to this report, SBS as a cause of death in maltreated cases under 3 years of age was 1% (=1/86). Compared with the present study, this figure suggests a higher prevalence of SBS in fatal child maltreatment of multiples. Further study is needed on this relationship as well as further research on the crying patterns of multiples in general.
Limitations
The limitations of the present study can be attributed to the data collection itself. First, although all 14 victims counted in the annual reports were identified, the author could not ascertain directly whether these cases were indeed the ones represented in the annual reports. Second, although the present dataset was from a multi-year nationwide survey, it still did not have sufficiently high statistical power to detect statistical significance. The present results might be strongly influenced by chance factors.
Conclusion
Recent Japanese nationwide data and case reports suggest that in the case of child maltreatment in families with multiple births, the non-specific overburden of child rearing might be one possible risk factor, and parental comparisons between twins might be another. Among fatal maltreatment cases, 0-month victims were rare and the number of children per family was larger. The penal sentence for fatal child maltreatment of twins might be more lenient compared with that for singletons. number 24390167) from the Japan Society for the Promotion of Science.
